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S U M M A R Y
Background: Necrotizing fasciitis is a true surgical emergency. This study was undertaken to determine
whether clinical indicators could be used to initiate early surgery, and to compare the characteristics
observed on initial examination of necrotizing fasciitis in patients who died and those who survived.
Methods: We retrospectively reviewed the medical records of 143 patients with surgically conﬁrmed
necrotizing fasciitis of the extremities over a period of 3.5 years at a tertiary hospital of southwest
Taiwan. Differences in mortality, patient characteristics, laboratory ﬁndings, and hospital course were
compared between patients who died and those who survived, and between patients with Gram-
positive infections and those with Gram-negative infections.
Results: A patient with a fungal infection died. Nine of the 58 patients in the Gram-positive group (15.5%)
and 12 of the 60 cases in the Gram-negative group (20%) died. Hence a total of 22 patients died, giving a
mortality rate of 15.4%. Hypotension, lower counts of total and segmented leukocytes, higher counts of
banded leukocytes, and lower levels of serum albumin were signiﬁcantly associated with mortality.
Monomicrobial infections had a stake of 70.6%, and Vibrio spp were the predominant causative agents
(26.6%).
Conclusions: Hypotensive shock, severe hypoalbuminemia, and increased counts of banded leukocytes
can be considered the clinical and laboratory risk indicators to initiate early surgery and to predict
mortality for all types of necrotizing fasciitis. The clinical characteristics of Gram-negative infections
were more fulminant than those of Gram-positive infections.
 2011 International Society for Infectious Diseases. Published by Elsevier Ltd. All rights reserved.
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Necrotizing fasciitis is a rapid life-threatening soft tissue
infection and a true surgical emergency.1–5 The clinical features
of necrotizing fasciitis, including hypotension, fever, hemorrhagic
bullae, subcutaneous bleeding, purpura, necrosis, and gangrene,
need to be diagnosed early at the time of presentation in the
emergency room. Necrotizing fasciitis is categorized into four
types: type I is mixed infection with aerobic and anaerobic bacteria
(70–80% cases); type II is group A b-hemolytic Streptococcus spp
and Staphylococcus aureus (20–30% cases); type III is Gram-
negative monomicrobial necrotizing fasciitis, including those
caused by Vibrio spp, Aeromonas spp, and Klebsiella spp; and type* Corresponding author. Tel.: +886 5 3621000x2885; fax: +886 5 3623005.
E-mail addresses: orma2244@adm.cgmh.org.tw, orma2244@hotmail.com
(Y.-H. Tsai).
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doi:10.1016/j.ijid.2011.11.001IV is fungal infection.1–5 Emergent surgical fasciotomy and broad-
spectrum antibiotic therapy are the most effective management
strategies to reduce the mortality rate of necrotizing fasciitis.1–7
In Europe and the USA, Gram-positive aerobic bacteria are the
major causative organisms of necrotizing fasciitis. Necrotizing
fasciitis caused by b-hemolytic Streptococcus spp is often associated
with toxic shock syndrome and is reported to account for 43–58% of
the mortality rate.5,8 S. aureus, a Gram-positive coccus, is the most
common agent causing skin and soft tissue infections worldwide,
and methicillin-resistant S. aureus (MRSA) has been reported to have
a prevalence of 59–75% in soft tissue infections and 29–39% in
necrotizing fasciitis in emergency departments.9–11
Our institution is situated on the western coast of southern
Taiwan, and nearly 40 patients present with necrotizing fasciitis
annually. Vibrio spp are the leading causative agents of necrotizing
fasciitis and related fatality, as a result of patient occupational
exposure to seawater or raw seafood.6,7,12,13 We have established
that severe hypoalbuminemia, severe thrombocytopenia, andses. Published by Elsevier Ltd. All rights reserved.
Table 1
Patient characteristics at ﬁrst consultation in the emergency room and patient
treatment compared between patients who died and those who survived
Variable Died
(n = 22)
Survived
(n = 121)
p-Value
Age (years), mean 71.81 63.17 0.012a
Sex, n
Male 16 94 0.591
Female 6 27
Timing from symptoms to presentation
in ER (days), mean
3 3.18 0.517
Timing from treatment in ER to ﬁrst
operation (h), mean
4.45 6.5 0.16
Underlying chronic disease, n
Hepatic dysfunction and diabetes mellitus 2 12
Hepatic dysfunction alone 7 28
Diabetes mellitus alone 1 26
Diabetes mellitus with others 6 7
Steroid intake 1 7
Chronic renal insufﬁciency 2 3
Heart disease 1 6
Hepatitis with steroid intake 1 5
Gout 0 8
Gout with steroid intake 1 3
Other 0 5
Nil 0 11
Wound location, n 0.452
Upper extremity 6 43
Lower extremity 16 78
First operation, n 0.491
Fasciotomy 21 118
Amputation 1 3
Final operation after ﬁrst fasciotomy, n 21 118
Amputation 3 9
Split-thickness skin graft 2 48
Flap 0 7
Debridement 7 45
Without secondary operation 9 9
Microbiology results, n
No growth (16.8%) 0 24
With growth
Monomicrobial (70.6%) 20 81 0.307
Polymicrobial (12.6%) 2 16
Hospital days, mean 24.54 34.23 0.001a
ER, emergency room.
a p < 0.05; signiﬁcant difference.
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Vibrio necrotizing fasciitis that could be used to initiate early
surgery and predict mortality.14 We have also established a
treatment strategy that includes emergency fasciotomy or
amputation, antibiotic therapy with a third-generation cephalo-
sporin plus tetracycline, and admission to the intensive care unit
(ICU) for patients suspected of having fulminant necrotizing
fasciitis. With this strategy for treating Vibrio necrotizing fasciitis,
the mortality rate of 32% observed during the 4-year period from
2002 to 2005 was reduced to a mortality rate of 19% during the 3-
year period from 2006 to 2008.14 Nevertheless, it is yet to be
determined whether these laboratory indicators and treatment
strategies for Vibrio necrotizing fasciitis are suitable for treating
other types of necrotizing fasciitis.
This retrospective study was undertaken to determine whether
clinical and laboratory risk indicators, such as hypotension, fever,
total leukocyte counts, counts of banded and segmented forms of
leukocytes, platelet counts, and serum albumin levels, can be used to
initiate early surgery and predict mortality for all types of necrotizing
fasciitis, and to investigate the association between mortality and
different organisms. We also compared the clinical characteristics
observed on initial examination of necrotizing fasciitis caused by
Gram-positive and Gram-negative pathogens, and identiﬁed the risk
factors that inﬂuence the outcomes in these two groups.
2. Materials and methods
We retrospectively reviewed the medical records of 143
patients with surgically conﬁrmed necrotizing fasciitis of the
extremities admitted between January 2007 and June 2010.
Patients who did not undergo surgery were excluded. Of the
143 patients, 110 were men and 33 were women, and their mean
age was 64.5 years (range 15–90 years). The most common
symptoms were pain and swelling of the involved limbs with
edematous, patchy, erythematous, and hemorrhagic bullous skin
lesions at the time of admission to the emergency room or at the
time of consultation on the ward. Broad-spectrum antibiotics were
initially administered to all the patients, and an emergency
fasciotomy or immediate limb amputation was performed in cases
where necrotizing fasciitis was diagnosed.
Age, gender, co-morbidities, signs and symptoms, affected sites,
microbiological ﬁndings, predisposing factors, laboratory ﬁndings
at the time of admission, the duration between contact and
admission, the interval between diagnosis and ﬁrst surgery, length
of stay, and clinical outcomes were reviewed for each patient.
We categorized the patients into two groups: those who died
during hospitalization and those who survived. Specimens
obtained from the surgical wounds or blood were classiﬁed as
Gram-positive bacteria, Gram-negative bacteria, fungus, and ‘no
growth’, according to the microbiological ﬁndings.
We further categorized those patients with positive bacterial
cultures into two groups: the Gram-positive group and the Gram-
negative group. Differences in mortality, patient characteristics,
clinical presentation, underlying chronic diseases, infection sites,
ﬁrst operative procedure, laboratory data, and hospital course
were compared between the death and survival groups of patients
and between the Gram-positive and Gram-negative groups.
We used the Wilcoxon rank-sum test for continuous variables
and the Chi-square test and Fisher’s exact test for categorical
variables to examine signiﬁcant relationships between these factors
among the groups. A p-value of <0.05 was considered signiﬁcant.
3. Results
Twenty-two patients died, resulting in a mortality rate of 15.4%
(Table 1). Bacterial growth was absent in 24 patients. Amonomicrobial infection was conﬁrmed in 101 patients and a
polymicrobial infection was conﬁrmed in 18 patients. Cases in
which the pathogen was present in polymicrobial cultures were
included in this study only if heavy and predominant growth was
observed. Culture ﬁndings conﬁrmed that the cause of infection
was Gram-positive bacteria in 58 patients, Gram-negative bacteria
in 60 patients, and fungus in one patient.
Broad-spectrum antibiotics were initially administered to
patients with suspected necrotizing fasciitis in the emergency
room (Table 2). These antibiotics were continued after surgery and
were then changed to antibiotics speciﬁcally targeting cultured
bacteria a few days later.
3.1. Patient characteristics in the death and survival groups
The group of patients who died included 16 men and 6 women,
with a mean age of 71.8 years (range 46–90 years). The estimated
period from injury to presentation at the emergency room ranged
from 1 to 7 days (mean 3 days) prior to admission. The mean time-
interval from treatment in the emergency room to the ﬁrst
operation was 4.45 h (range 2–18 h).
Six patients had upper limb skin lesions and 16 patients had
lower limb skin lesions. Twenty-one patients initially underwent
fasciotomy and debridement, and one patient underwent an
immediate above-the-knee amputation because of severe skin
Table 2
Initial usage of antibiotics in the emergency room
Antibiotic Gram-positive group Gram-negative group No growth Fungus Total
Died Survived Died Survived Survived Died
Ceftriaxone 4 16 7 26 12 0 65
Ceftriaxone + tetracycline 0 2 3 11 8 1 25
Ceftriaxone + vancomycin 3 2 2 2 1 0 10
Ceftriaxone + gentamicin 1 5 0 3 0 0 9
Ceftriaxone + clindamycin 0 0 0 1 2 0 3
Oxacillin + gentamicin 0 17 0 2 0 0 19
Penicillin + gentamicin 0 1 0 0 0 0 1
Cefazolin + gentamicin 0 3 0 1 0 0 4
Vancomycin + gentamicin 1 0 0 0 0 0 1
Vancomycin 0 1 0 0 0 0 1
Oxacillin 0 0 0 0 1 0 1
Amoxicillin/clavulanate 0 2 0 2 0 0 4
Total 9 49 12 48 24 1 143
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underwent an above-the-knee amputation a few days after
fasciotomy due to progressive uncontrolled sepsis.
One hundred and twenty-one patients survived and were alive
during the 6-month follow-up period. This group included 94 men
and 27 women, with a mean age of 63.17 years (range 15–90
years). The estimated period from injury to presentation at the
emergency room ranged from 1 to 21 days (mean 3.18 days) prior
to admission. The mean time-interval from treatment in the
emergency room to ﬁrst operation was 6.5 h (range 1–24 h).
Forty-three of the survivors had upper limb involvement and 78
had lower limb involvement. An initial fasciotomy with debride-
ment was performed in 118 patients. Two patients underwent an
immediate below-the-knee amputation, and one patient under-
went an immediate above-the-knee amputation initially. Owing to
progressive skin involvement after the fasciotomy, two patients
underwent an above-the-knee amputation, six had above-the-
elbow amputations, and one had a ﬁnger amputation. Twenty-
three patients received hyperbaric oxygen therapy, and vacuum-
assisted closure devices for treating large wounds were used in 13
patients when they were stable and the infections were under
control after leaving the ICU.
3.2. Comparison between the death and survival groups
Gender, interval between symptoms and admission, interval
between diagnosis of necrotizing fasciitis and ﬁrst surgery, wound
location, nature of ﬁrst surgery, fever, counts of the lymphocyte
forms of leukocytes, and platelet counts were similar between the
two groups. Advanced age (p = 0.012) and a systolic blood pressure
of 90 mmHg at the time of presentation to the emergency room
(p = 0.000) were signiﬁcantly associated with mortality. The
patients who initially received ceftriaxone with/without other
regimens had a signiﬁcantly higher survival rate (Table 2).
A body temperature of <38.5 8C was noted in 108 patients
(75.5%). Patients who died had lower counts of total (p = 0.001) and
segmented leukocytes (p = 0.01), higher counts of banded leuko-
cytes (p = 0.000), and lower levels of serum albumin (p = 0.000)
compared to the survivors. Those patients with a white blood cell
count of 11  109 cells/l (p = 0.007), a segmented white blood cell
count of 74% (p = 0.001), a >0% count of banded forms of white
blood cells (p = 0.005), and a serum albumin level of 2.5 g/dl
(p = 0.000) had signiﬁcantly higher mortality (Table 3).
3.3. Microbiology and mortality
The pathogens identiﬁed are listed in Table 4. The Gram-
negative Vibrio spp were the most frequently identiﬁed pathogens,
however patients with Klebsiella pneumoniae infections had thehighest mortality rate (60%). Additional aerobic pathogens
identiﬁed in the polymicrobial cultures were Streptococcus spp,
coagulase-negative staphylococci (CoNS), Escherichia coli, Enter-
obacter cloacae, and Pseudomonas aeruginosa. The additional
anaerobic pathogens identiﬁed in the polymicrobial infections
were Clostridium spp in four patients, Peptostreptococcus anaerobius
in two, Prevotella in one, and Bacteroides fragilis in one. The
pathogen causing the fungal infection in the patient who died was
identiﬁed from the wound as Penicillium species; the contact
mechanism was unknown for this patient.
Twenty-four patients without bacterial growth survived.
Fourteen patients had a history of contact with raw seafood or
seawater. One patient had a cutting injury, one had acquired an
abrasion wound, one had a chronic ulcer, one had worked in dirty
water, and one had an insect bite. Five patients did not recall any
injuries.
3.4. Patient characteristics in the Gram-positive group
The Gram-positive group included 41 men and 17 women
(mean age 64.2 years). Nine patients died a mean of 25.1 days
(range 7–88 days) after admission, and the mortality rate was
15.5%. The interval from injury to presentation at the emergency
room ranged from 1 to 21 days (mean 3.89 days). The mean time
interval between treatment in the emergency room and the ﬁrst
operation was 5.91 h (range 2–24 h).
Two patients had both hepatitis B and C with diabetes mellitus.
One patient who died had liver cirrhosis and diabetes mellitus.
Eight patients had a history of hepatic dysfunction alone; four
patients had hepatitis B and C, three patients had liver cirrhosis and
hepatitis B or C, and one patient who had hepatitis C died. Fourteen
patients had diabetes mellitus alone, and one of them died. One
patient who had diabetes mellitus and steroid intake died. Two
patients had both diabetes mellitus and gout, and two patients had
both diabetes mellitus and chronic renal insufﬁciency. One patient
had steroid intake alone. Three patients had chronic renal
insufﬁciency, of whom two died; three patients had valvular heart
disease, of whom one died. Six patients had gout alone. Three
patients had both hepatitis and steroid intake, of whom one died,
and one patient with both gout and steroid intake died. One patient
had a history of urinary tract infection, one patient had psoriasis,
and one patient had an HIV infection. Eight patients were healthy
before the infection occurred.
Nine patients (15.5%) were febrile (body temperature
>38.5 8C) and 19 patients (32.8%) had a systolic blood pressure
of 90 mmHg at presentation in the emergency room. Thirty-four
patients were admitted to the ICU. The mean duration of hospital
stay for the patients in the Gram-positive group was 33.3 days
(range 6–90 days).
Table 3
Clinical ﬁndings and laboratory data at ﬁrst consultation in the emergency room compared between patients who died and those who survived
No. of patients (%) (N = 143) Died (n = 22), n Survived (n = 121), n p-Value
Systolic blood pressure (mmHg) 0.000a
90 56 (39.2) 18 38
>90 87 (60.8) 4 83
Body temperature (8C) 0.388
38.5 35 (24.5) 3 32
<38.5 108 (75.5) 19 89
White blood cell count ( 109/l)
Mean 10.9086  7.9701 16.0107  6.6676 0.001a
11 38 (26.6) 11 27 0.007a
>11 105 (73.4) 11 94
Band forms (%)
Mean 12.45  9.53 5.03  7.11 0.000a
=0 28 (19.6) 0 28 0.005a
>0 115 (80.4) 22 93
Segmented forms (%)
Mean 70.61  18.67 80.2  10.14 0.01a
74 33 (23.1) 11 22 0.001a
>74 110 (76.9) 11 99
Lymphocyte forms (%), mean 8.02  5.41 7.74  4.36 0.904
Platelet count ( 109/l)
Mean 148.318  103.394 171.830  91.652 0.204
15 73 (51.0) 13 60 0.412
>15 70 (49.0) 9 61
Albumin (g/dl)
Mean 1.84  0.39 2.51  0.63 0.000a
<2.5 89 (62.2) 21 68 0.000a
2.5 54 (37.8) 1 53
a p < 0.05; signiﬁcant difference.
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The Gram-negative group included 48 men and 12 women
(mean age 64.8 years). Twelve patients died a mean 23 days (range
2–78 days) after admission, resulting in a mortality rate of 20%. The
estimated period from contact or injury to presentation at the
emergency room ranged from 1 to 7 days (mean 2.63 days) prior to
admission. The mean time-interval from treatment in the
emergency room to ﬁrst operation was 6 h (range 2–24 h).
Eight patients had both hepatic dysfunction and diabetes
mellitus, and one of them died. Twenty-one patients had a
history of hepatic dysfunction alone, such as liver cirrhosis,
hepatitis B or C, and alcoholic liver disease, and six died. Seven
patients had diabetes mellitus without hepatic disease. OneTable 4
Microbiology and mortality in patients with necrotizing fasciitis
Pathogens No. of patients (%) (N = 143) 
Gram-positive aerobic pathogens 58 (40.6) 
Beta-hemolytic Streptococcus 18 (12.6) 
MRSA 18 (12.6) 
MSSA 14 (9.8) 
Viridans Streptococcus 1 (0.7) 
CoNS 7 (4.9) 
Gram-negative aerobic pathogens 60 (42.0) 
Vibrio vulniﬁcus 36 (25.2) 
Vibrio cholerae non-O1 2 (1.4) 
Klebsiella pneumoniae 5 (3.5) 
Aeromonas hydrophila 4 (2.8) 
Aeromonas sobria 3 (2.1) 
Pseudomonas aeruginosa 3 (2.1) 
Proteus mirabilis 1 (0.7) 
Escherichia coli 3 (2.1) 
Morganella morganii 2 (1.4) 
Chryseobacterium meningosepticum 1 (0.7) 
Fungus
Penicillium sp 1 (0.7) 
No growth 24 (16.8) 
MRSA, methicillin-resistant Staphylococcus aureus; MSSA, methicillin-sensitive Staphylo
ap < 0.05; signiﬁcant difference.patient had diabetes mellitus with gout. Three patients who had
diabetes mellitus with chronic renal insufﬁciency and one
patient who had diabetes mellitus with myocardial infarction
died. Five patients had steroid intake alone, of whom one died.
One patient had chronic renal insufﬁciency, two had hyperten-
sion, one patient had valvular heart disease, three patients had
both hepatitis and steroid intake, two had gout alone, and one
patient had both gout and steroid intake. Two patients had been
in good health.
Twenty patients (33.3%) had a body temperature of >38.5 8C.
Thirty-two patients (53.3%) were hypotensive with a systolic blood
pressure of 90 mmHg. Forty-four patients were initially admitted
to the ICU. The mean hospital stay for patients with a Gram-
negative infection was 34.5 days (range 2–87 days).Died Survived Mortality rate of pathogen (%)
9 49 15.5
3 15 16.7
5 13 27.8
0 14 0
0 1 0
1 6 14.3
12 48 20
4 32 11.1
1 1 50
3 2 60
2 2 50
1 2 33.3
1 2 33.3
0 1 0
0 3 0
0 2 0
0 1 0
1 0 100
0 24 0
coccus aureus; CoNS, coagulase-negative Staphylococcus.
Table 5
Patient characteristics at ﬁrst consultation and patient treatment compared
between the Gram-positive group and the Gram-negative group
Variable Gram-
positive
group
Gram-
negative
group
p-Value
Number 58 60
Age (years), mean 64.2 64.8 0.836
Sex, n 0.287
Male 41 48
Female 17 12
Mortality rate (%) 15.5 20 0.156
Died, n 9 12
Survived, n 49 48
Timing from contact to
presentation at
ER (days), mean  SD
3.89  3.05 2.63  1.87 0.000a
Died 3.33  2.23 2.66  2.23 0.286
Survived 4  3.19 2.63  1.81 0.01a
Timing from treatment in
ER to ﬁrst operation (h),
mean  SD
5.91  4.84 6  5.05 0.924
Died 3.33  0.86 5.33  4.33 0.19
Survived 6.38  5.11 6.17  5.24 0.834
Underlying chronic disease, n (n died)
Hepatic dysfunction and
diabetes mellitus
3 (1) 8 (1) 0.127
Hepatic dysfunction alone 8 (1) 21 (6) 0.007a
Diabetes mellitus alone 14 (1) 7 (0) 0.077
Diabetes mellitus with
other conditions
5 (1) 5 (4)
Steroid intake 1 (0) 5 (1)
Chronic renal insufﬁciency 3 (2) 1 (0)
Heart disease 3 (1) 3 (0)
Hepatitis with steroid intake 3 (1) 3 (0)
Gout 6 (0) 2 (0)
Gout with steroid intake 1 (1) 3 (0)
Other 3 (0) 0
Nil 8 (0) 2 (0)
Contact mechanism, n (n died)
Seawater or seafood contact 3 (0) 39 (4)
Cutting or nail injury 2 (0) 3 (0)
Bamboo or wood injury 1 (0) 2 (1)
Abrasion 28 (4) 10 (4)
Previous surgical
wound infection
3 (2) 0 (0)
Chronic ulcer 5 (0) 1 (0)
Snake or insert bite 0 1 (0)
Dirty water or drain contact 2 (0) 1 (0)
Unknown mechanism 14 (3) 3 (3)
Wound location, n (n died)
Upper extremity 21 (4) 19 (2)
Lower extremity 37 (5) 41 (10)
First operation, n (n died)
Fasciotomy 58 (9) 57 (11)
Amputation 0 (0) 3 (1)
Final operation after ﬁrst
fasciotomy, n (n died)
58 57
Amputation 5 (1) 7 (2)
Split-thickness skin graft 21 (1) 22 (1)
Flap 2 (0) 3 (0)
Debridement 24 (4) 15 (2)
Without secondary operation 6 (3) 10 (6)
Hospital days, mean  SD 33.34  21.2 34.55  19.96 0.75
Died 25.11  25.95 23  23.65 0.83
Survived 34.86  20.16 37.44  18.07 0.51
Positive culture, n (n died)
Wound 43 (6) 35 (8)
Blood 1 (0) 5 (0)
Wound and blood 14 (3) 20 (4)
ER, emergency room; SD, standard deviation.
a p < 0.05; signiﬁcant difference.
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groups
Age, sex, mortality rate, interval between diagnosis and ﬁrst
surgery, body temperature of >38.5 8C, duration of ICU stay, days
of hospitalization, total white blood cell counts, number of
lymphocyte forms of white cells, and serum albumin levels did
not differ signiﬁcantly between the two groups (Tables 5 and 6).
However, we found signiﬁcant differences between the two groups
with regard to the interval between contact and admission
(p = 0.000), systolic blood pressure of 90 mmHg (p = 0.027),
segmented white blood cell counts (p = 0.006), banded white cell
counts (p = 0.000), and platelet counts (p = 0.000). There were
signiﬁcant differences between the survivors in the Gram-positive
and Gram-negative groups with regard to systolic blood pressure
of 90 mmHg (p = 0.037), body temperature of >38.5 8C
(p = 0.048), interval between contact and admission (p = 0.01),
banded white cell counts (p = 0.000), and platelet counts
(p = 0.000). Also, the probability of Gram-negative infection was
signiﬁcantly higher in patients with hepatic dysfunction alone.
4. Discussion
Necrotizing fasciitis has been reported to have a cumulative
mortality rate of 34% (range 6–76%).15 Angoules et al. performed a
systematic review of necrotizing fasciitis affecting upper and lower
extremities and found a mortality rate of 21.9%.2 Thus, early
recognition of necrotizing fasciitis followed by an immediate
decision for surgical intervention is necessary in the emergency
department to reduce mortality.
The laboratory risk indicator for necrotizing fasciitis (LRINEC)
score has often been described as a diagnostic tool to distinguish
necrotizing fasciitis from non-necrotizing soft tissue infec-
tions.1,5,16,17 However, our previous study suggested that the
LRINEC scoring system is inappropriate for determining the early
management of patients with suspected Vibrio necrotizing
fasciitis, which has been categorized as type III necrotizing fasciitis
due to its fulminant clinical presentation on admission to the
emergency room and high mortality rate (25–100%).14 We
identiﬁed a systolic blood pressure of 90 mmHg, severe
hypoalbuminemia, severe thrombocytopenia, and increased count
of banded forms of leukocytes as the clinical and laboratory risk
indicators of Vibrio necrotizing fasciitis that can be used to initiate
early surgery and predict mortality.14 In this study, we used these
positive predictors and their parameters to investigate all types of
necrotizing fasciitis. We found that the patients who died had
lower systolic blood pressure, lower total and segmented
leukocyte counts, higher banded leukocyte counts, and lower
serum albumin levels than the patients who survived. Therefore,
we consider hypotensive shock, severe hypoalbuminemia, and
increased count of banded leukocytes as the risk indicators that
can be used to determine the timing of operative intervention and
predict mortality for patients suspected of having fulminant
necrotizing fasciitis.
Although type I polymicrobial necrotizing fasciitis has been the
cause of nearly 80% of necrotizing fasciitis in some studies, a
signiﬁcant increase in the incidence of monomicrobial necrotizing
fasciitis has been reported recently (up to 60%).5,18–21 S. aureus and
group A Streptococcus spp were the predominant pathogens
causing necrotizing fasciitis in the USA and Europe; however,
monomicrobial Gram-negative aerobic pathogens, such as Vibrio
vulniﬁcus, K. pneumoniae, Aeromonas hydrophila, and E. coli, were
the most frequently isolated microorganisms in Asia.2,5,6,22–26 In
our series, monomicrobial infections (70.6%) were found to be
more common than in the previously reported studies, and Vibrio
spp were the predominant pathogens (26.6%). Also, the patients
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which was 60%.
In a previous report, we found the clinical characteristics of V.
vulniﬁcus infections were more rapidly progressive and fulminant
than those of the S. aureus infections.27 In addition, for patients
with V. vulniﬁcus infections there was a signiﬁcant association with
hepatic dysfunction, whereas for patients with S. aureus infections
there was a signiﬁcant association with diabetes mellitus.27 In this
study, the intervals between contact and admission to the
emergency room for the Gram-negative group were signiﬁcantly
shorter than those for the Gram-positive group. Patients with
infections of Gram-negative organisms signiﬁcantly differed with
regard to hypotensive shock, higher counts of banded leukocyte
forms, and decreased platelet counts compared to patients with
infections of Gram-positive organisms. Although we performed
immediate surgery within a mean interval of 6 h between
diagnosis and the ﬁrst operation, we observed that the clinical
course of Gram-negative infection was more rapid and fulminant
than that of Gram-positive infection. Patients with hepatic
dysfunction, such as liver cirrhosis, hepatic cell carcinoma,
hepatitis B or C, and alcoholic liver disease, were signiﬁcantly
more likely to have Gram-negative infections.
Clindamycin plus imipenem, meropenem, ampicillin/sulbac-
tam, tigecycline, and piperacillin/tazobactam have been recom-
mended as the initial antibiotic regimen for treating necrotizing
fasciitis.4,5,17,28 An initial combination of clindamycin and beta-
lactam penicillin is recommended by many authors for the
treatment of necrotizing fasciitis caused by group A Streptococcus
spp and Clostridium species.4,5,17,28,29 S. aureus, especially MRSA,
has been reported to be the most common cultured pathogen in
the past decade.9–11However, at our institution, only four patients
had clostridial infections, and Vibrio spp were the leading cause of
necrotizing fasciitis. We started third-generation cephalosporin
plus tetracycline or gentamicin antibiotic therapy in the
emergency room for patients with a history of contact with
seawater or raw seafood. The clinical signs and symptoms of
necrotizing fasciitis caused by these organisms are characteristi-
cally indistinguishable at the time of presentation, and it takes 3–
4 days to obtain the results of microbiological analysis and
antimicrobial sensitivity of the specimens. In this study, we
primarily used ceftriaxone to cover all types of necrotizing
fasciitis in 112 patients, because the clinical course of Gram-
negative infection seemed more rapid and fulminant than that of
Gram-positive infection. The use of ceftriaxone with/without
other regimens can be advised at the ﬁrst suspicion of necrotizing
fasciitis to cover Gram-positive, Gram-negative, and anaerobic
organisms.
There were several limitations to our study. First, we did not
observe organism growth in the specimens from 24 patients.
Because 14 of them had a history of contact with seawater or raw
seafood, they were suspected of and treated for Vibrio necrotizing
fasciitis. PCR can be considered for early detection and accurate
conﬁrmation of the pathogens. The second limitation of our study
was that we did not use hyperbaric oxygen therapy in the initial
stage of necrotizing fasciitis owing to the unstable vital signs and
need for stay in the ICU. Some studies have reported good results
from the use of hyperbaric oxygen therapy, and we often use it to
enhance wound healing.1,5
In conclusion, hypotensive shock, severe hypoalbuminemia,
and increased banded leukocyte forms can be considered as clinical
and laboratory risk indicators to initiate early surgery and predict
mortality for all types of necrotizing fasciitis. The clinical
characteristics of Gram-negative infections were more rapid and
fulminant than those of Gram-positive infection. The initial usage
of ceftriaxone with/without other regimens can be advised at the
ﬁrst suspicion of necrotizing fasciitis.
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